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$N=\{1\rangle\ldots , n\}$ - , $v(\emptyset)=0$ $v$ :
$2^{N}arrow \mathbb{R}$ , , .
$\mathcal{G}$ -
$v\in \mathcal{G}$ , $S\subseteq N$ $v$ (S) $S$
, .
$f$ : $\mathcal{G}arrow \mathbb{R}^{N}$ , $v\in \mathcal{G}$ ,
, $\mathcal{G}$ .





. $\pi:Narrow N$ , $\Pi(N)$
. $N$ .
, .
$\pi\in\Pi(N)$ $P($ \pi , $i)=\{j\in N|\pi(j)<\pi(i)\}$ , $v$
$i$ $\pi\in\Pi(N)$ $m_{1}.(v)(\pi)=v(P(\pi, i)\cup\{i\})-v(P(\pi, i))$
. , $i$
. ,
, $C_{i}(v)(S)=v(S\cup\{i\})-v(S\backslash \{i\})$ $v$




1 $v\in \mathcal{G}$ , $\phi_{i}$ (v) $i\in N$ Shapley
.





2 $v\in \mathcal{G}$ , $\beta\dot{.}(v)$ $i\in N$ Banzhi
.
$\beta$i $(v)= \frac{1}{2^{n}}\sum_{S\subseteq N}C\dot{.}$ (v)(S) $= \frac{1}{2^{n-1}}\sum_{s\subseteq N,S\ni i}C\dot{.}(v)(S)$
127
$v\in \mathcal{G}$ , Shapley , Banzh]
$\phi$ : $\mathcal{G}arrow \mathbb{R}^{N}$ $\beta$ : $\mathcal{G}arrow \mathbb{R}^{N}$ $\mathcal{G}$ . $\mathcal{G}$ Shapley ,
Banzhaf . Shapley Banzhaf ,
.
Shapley , Banzh] , $v$ (N)
, $S\subseteq N$ $v$ (S) ,
(PMAS; Popnlation Monotonic Allocation Scheme) [11] .
( $\theta_{i}(v)$ [S]) $S\subseteq N$ .
$\{$
$\theta_{i}$(v) $[S]\leq\theta_{i}(v)[T]$ , $\forall S\subseteq T\subseteq N$
$\sum_{i\in S}\theta_{i}(v)[S]=v(S)$
, $\forall S\subseteq N$
Shapley $(\phi_{i}(v)[S])_{8\underline{\mathrm{C}}N}$ , PMAS .
, Shapley , .
$\pi\in\Pi(N)$ $S\subseteq N$ , $\pi(S)=\{\pi(i)|i\in S\}$ . ,
$\pi v\in \mathcal{G}$ $S\subseteq N$ $\pi v(\pi(S))=v$ (S) . ,
.
1 ( , ) $v\in \mathcal{G}$ , $i\in N$ $\pi\in\Pi(N)$
$f$
$f_{\pi(i)}(\pi v)=f_{i}$ (v) .
’ .
2 ( ) $v,$ $w\in \mathcal{G}$ $\alpha,$ $\beta\in \mathbb{R}$ , $f(\alpha v+\beta w)=$
$\alpha f(v)+\beta f(w)$ .
$S\subseteq N\backslash \{i\}$ $v(S\cup\{i\})-v(S)=v$ ({i}) ,
$i$ $v$ (dummy) .
, .
3 ( ) $i\in N$ $v\in \mathcal{G}$ , $f_{:}(v)=$
$v$ ({i}) .
, , .




. Weber [18] , .
1 1-4 $f$ : $\mathcal{G}arrow \mathbb{R}^{N}$ , Shapley .
128
, 1-4 , Shapley
. , Young[19] $\mathrm{C}\mathrm{h}\iota\iota 11$ [2], Hart




Shapley , (probablistic mlue) [18] ,
.
3 $i\in N$ , $2^{N\backslash \{\dot{l}\}}$ $p^{*}$
.
, $\psi_{:}$ : $\mathcal{G}arrow \mathbb{R}^{N}$
$\mathcal{G}$ $i$ .
$\psi$i $(v)= \sum_{s\subseteq N\backslash \{i\}}p^{:}(S)C\dot{.}(v)(S)$
$p^{:}(S)$ $i$ $S$ , $i$
$p^{i}$ . ,
, $v$ , . $p^{:}$
$\psi_{i}$ .
, .
5 ( ) $v\in \mathcal{G}$ , $S\subseteq T$ $v(S)\leq v(T)$
$\mathrm{r}$
$i\in N$ $f_{i}(v)\geq 0$ .
, .
2 2, 3, 5 $f_{:}$ : $\mathcal{G}arrow \mathbb{R}$ $\mathcal{G}$ .
Shapley , 5 , 1 2 , Shapley
, Shapley
. $S\subseteq N\backslash \{i\}$ $p^{i}(S)=s!(n-s-1)!/n!$
, Shapley . , Banzhaf ,
$S\subseteq N\backslash \{i\}$ $p^{*}.(S)=1/2^{n-1}$ . ,
, Shapley Banzhaf .
, Shapley Banzhaf , (Shapley , Banzhaf
) ,
[13]. ,
. , $x$ ,
$X$ , $x$ , $h_{:}$ : $Xarrow 2^{N}$





4 $i\in N$ . $X$ , $X$ $v\in \mathcal{G}$
$p$ : $Xarrow \mathbb{R}_{+}=\{r\in \mathbb{R}|r\geq 0\}$ , $p$ ,
$\eta_{i}$ : $\mathcal{G}arrow \mathbb{R}^{N}$ $\mathcal{G}$ $i$ .
$\eta i(v)=\sum_{x\in X}p(x)\cdot D_{i}(v)(x)$





5 $X$ $\mathrm{r}\sum_{j\in N}\eta_{j}(v)\neq 0$ $p$ : $Xarrow \mathbb{R}$ ,
$\hat{\eta}(v)=(\hat{\eta}_{i}(v))_{*\in N}$. $v$ .
$\hat{\eta}\dot{.}(v)=\frac{v(N)}{\sum_{j\in N}\eta_{j}(v)}$ . $\eta$i $(v)$ , $\forall i\in N$
, Shapley . Banzhaf
Banzhaf . Tsurumi et al. $[12, 13]$ ,
, .
3 $P^{\cdot}$
, . , , $S\subseteq N$
$v(S)\in$ {0,1} , $S\subseteq T\subseteq N$ $v(S)\leq v$ (T) , $v(N)=1$
$v:2^{N}arrow \mathbb{R}$ . ,
1 , 0
. , 2 $\mathcal{W}$ .
1. $N\in \mathcal{W},$ $\emptyset\not\in \mathcal{W}$
2. $S\in \mathcal{W},$ $S\subseteq T\subseteq N$ , $T\in \mathcal{W}$
$\mathcal{W}=\{S\subseteq N|v(S)=1\}$ , $v$ $\mathcal{W}$ .
$\mathcal{W}$ $\mathcal{V}\mathcal{G}$ .
, (power index) ,
[6]. $\mathcal{W}$
Shapley Banzhaf , Shapley-Shubik , Banzhaf ,
30
.
$\phi_{i}(\mathcal{W})=\frac{1}{n!}\sum_{S\in \mathcal{W},S\backslash \{i\}\not\in \mathcal{W}}(s-1)!(n-s)!$
$\beta_{i}(\mathcal{W})=\frac{|\{S\subseteq N|S\in \mathcal{W},S\backslash \{i\}\not\in \mathcal{W}\}|}{2^{n-1}}$
Shapley-Shubik , Banzh] ,
[6].
6 $S\in \mathcal{W}$ $i\not\in S$ , $\mathcal{W}$ $-\backslash$
. $\mathcal{W}$ , $i$ , $f_{i}(\mathcal{W})=0$ .
$i,j\in N$ ,
, .
7 $i,$ $j$ $f:(\mathcal{W})=f_{j}$ (W) .
$\mathcal{W}_{1},\mathcal{W}_{2}$ $\mathcal{W}_{1}\vee \mathcal{W}_{2}=$ { $S\subseteq N|S\in \mathcal{W}_{1}$ or $S\in \mathcal{W}_{2}$ }, $\mathcal{W}_{1}\wedge \mathcal{W}_{2}=$
{ $S\subseteq N|S\in \mathcal{W}_{1}$ and $S\in \mathcal{W}_{2}$ } . , .
8 $\theta_{:}(\mathcal{W}_{1}; p)+\theta_{i}$( $\mathcal{W}_{2}$ ;p)=\mbox{\boldmath $\theta$}i(V $\vee \mathcal{W}_{2}$ ;p)+\mbox{\boldmath $\theta$}i(\gamma $\wedge V2;p$)
9 $\sum_{i\in N}f_{i}(\mathcal{W})=1$
10
$\sum_{i\in N}f$: $( \mathcal{W})=\frac{|\{i\in N|(S\in \mathcal{W}\mathrm{a}\mathrm{n}\mathrm{d}S\backslash \{i\}\not\in \mathcal{W})\mathrm{o}\mathrm{r}(S\not\in \mathcal{W}\mathrm{a}\mathrm{n}\mathrm{d}S\cup\{i\}\in \mathcal{W})\}|}{2^{n}}$











$p:2^{N}arrow[0,1]$ , $\mathrm{M}\mathrm{U}$ $\rho_{i}^{\phi}$ .
$\rho$r $(v;p)= \sum_{\mathrm{S}\subseteq N}p(S)\cdot\phi$i $(v)[S]$
131
, $\phi_{i}$ (v)[S] , $S\subseteq N$ Shapley
, [3] , Banzhaf ESA
$_{arrow}^{-}$ .
$\rho$2 $(v;p)= \sum_{S\subseteq N}p(S)\cdot\beta$i(v) $[S]$
, $\beta_{i}$ (v)[S] , $S\subseteq N$ Banzhaf
2
$\mathrm{M}\mathrm{U}$ ESA , , ,




$x$ , $h_{i}$ : $Xarrow 2^{N}$
, $\mathrm{M}\mathrm{U}$ ESA 8
$\rho$t(v; $p$) $= \sum_{x\in X}p(h_{i}(x))\cdot\phi$i $(v)[h_{*}.(x)]$






6 $p:Xarrow \mathbb{R}_{+}$ , $\eta_{i}$ : $\mathcal{V}\mathcal{G}arrow \mathbb{R}$
.
$\eta$i $( \mathcal{W};p)=\sum_{x\in K.(\mathcal{W})}.p(x)$
, $K.\cdot(\mathcal{W})=\{x\in X|h_{\acute{\iota}}(x)\cup\{i\}\in \mathcal{W}, h_{i}(x)\backslash \{i\}\not\in \mathcal{W}\}$ .
, .
$\mathcal{W}^{S}=\{T\subseteq N|S\subseteq T\}$ .
11





$\sqrt i(S)=\{$ $\emptyset\{x\in X|h_{i}(x)\supseteq S\backslash \{i\}\}$ $i\not\in Si\in S$
3 $\eta$: : $\mathcal{V}\mathcal{G}\cross Parrow \mathbb{R}$ 8, , 8, 11
$\theta_{:}$ : $\mathcal{V}\mathcal{G}\mathrm{x}Parrow \mathbb{R}$ .









, Shapley-Shubik , Banzhi
, Banzhaf , $\mathrm{M}\mathrm{U}$ , ESA ,
ESA , , .
,







10 \sim 12 3 1\sim 4 12
3 31 \sim 4 7 , 3 31
, 4 7 , .
, . ( 11 ) : ,
( 12 1 3 ): . , ( 12 4 6 ):
, : , ( 11 ) : , (
12 ) : $\dagger\pm\cdot$ : , : , :
, : , : , : , :




1: 10 ( :177)
$\dagger\pm\cdot$
118 41 24 21 14
Shapley-Shubik 0.7128 0.0417 0.0417 0.0417 0.0417
Banzhaf 0.9891 0.0109 0.0109 0.0109 0.0109
Banzhaf 0.9104 0.01 0.01 0.01 0.01
$\mathrm{M}\mathrm{U}$ 0.791 0.0254 0.0254 0.0575 0.0139
ESA 0.9446 0.0145 0.0138 0.0549 0.0049
$\mathrm{E}\mathrm{S}_{-}\mathrm{A}$ 0.8356 0.0128 0.0122 0.0486 0.0043
0.6328 0 0 0.0282 0
0.9573 00 0.0427 0
$\text{ }$ ffi
11 4 3 3 3
$\mathrm{S}\mathrm{h}\mathrm{a}\mathrm{p}1\mathrm{e}\underline{\mathrm{y}- \mathrm{S}\mathrm{h}}\underline{\iota}_{-}1\mathrm{b}\mathrm{i}\mathrm{k}$ 0.0417 0.0173 0.0119 0.0119 0.0119
Banzhaf 0.0109 0.0089 0.0067 0.0067 0.0067
Banzhaf 0.01 0.0082 0.0062 0.0062 0.0062
M-U–ffi 0.0262 0.0122 0.0192 0.0051 0.0108
ESA 0.0152 0.0169 0.0285 0.0027 0.0088






104 56 24 23 14
Shapley-Shubik 0.5243 0.1136 0.0931 0.0874 0.0447
Banzhaf 0.8756 0.1245 0.1225 0.1209 0.0704
$\mathrm{B}\mathrm{a}\mathrm{n}\overline{\mathrm{z}\mathrm{h}\mathrm{a}}\mathrm{f}$ 0.6024 0.0857 0.0843 0.0832 0.0484
$\mathrm{M}\mathrm{U}$ 0.6093 0.0778 0.1536 0.0487 0.0297
ESA 0.7874 0.1023 0.1987 0.0572 0.0514
ESA 0.5907 0.0767 0.1491 0.0429 0.0385
0.5756 0.0146 0.0732 0.0146 0.0146
08311 0.0211 0.1056 0.02 0.0211









12 3 4 ,
.-
. , .
, , [12, 13, 15] .
,-




12 (1 20 \sim 3 31 ) ( :67)
$||$
-
107 57 24 23 13
-
Shapley-Shubik 0.5715 0.1012 0.1012 0.1012 0.0388
Ballzhaf 0.8865 0.1135 0.1135 0.1135 0.0667
Banzhaf 0.623 0.0798 0.0798 0.0798 0.0469
$\mathrm{M}\mathrm{U}$ 0.5958 0.0773 0.1803 0.0569 0.0283
. ESA 0.7924 0.0985 0.2076 0.0666 0.0481
ESA 0.6018 0.0748 0.1577 0.0506 0.0365




Shapley-Shubik 0.0339 0.0297 0.0049 0.002 0.002
Banzha-f 0.0584 0.0504 0.0121 0.0042 0.0042
Banzhi 0.041 0.0354 0.0085 0.003 0.003
$\mathrm{M}\mathrm{U}$ 0.0251 0.0232 0.0088 0.0023 0.002
ESA 0.0423 0.039 0.0142 0.0044 0.0038





. , [15] 5. 6




PMAS . , Shapley-Shubik , Banzhi
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